1 2 Resistance, Plyometrics and Combined training 3 in children and adolescents' volleyball players: 4 A Review Study 5 6 ALI FATTAHI 1* , HEYDAR SADEGHI 2 7 8 1 PhD students in sports biomechanics, Kharazmi University, Tehran, Iran 9 2 Full Professor in sports biomechanics, Kharazmi University, Tehran, Iran 10 11 12 13 .ABSTRACT 14 The health enhancing properties of physical activity are evidence-based and widely accepted for children and adolescents. Today many children and adolescents are engaged in specific sports and that causes great attention of coaches to use safe and appropriate methods. Volleyball is of the most popular sports among this group. Because of powerful and explosive movements as well as high-repeated jumps and landings suitable training program should be considered to improve performance and prevent injuries in children and adolescents. The aim of this study is to review studies about resistance training, plyometric training and combined training and effects of these training methods on physical fitness in children and adolescents. Our investigation begun with search engine and scientific databases with keywords in three section; title and abstracts, articles and finally references. Primary research articles were selected if they (a) included outcomes of a resistance, plyometric and combined training intervention, (b) included volleyball training protocols, (c) included children and adolescents 8-18 years of age. Review show that resistance training would enhance physical performance as well as plyometrics training. Improvements in motor performance skills, such as jumping, are widely stated as indicators of improvements in sporting performance. Although combination of resistance and plyometrics is a useful methods for jumping improvement but little is available about the effects on children and adolescents.
INTRODUCTION
Participation of children and adolescent in at least 60 minutes of moderate to heavy intensity 17 physical activities which are developmentally appropriate is recommended [1] . Studies have 18 mentioned great benefits of physical activity in children, including control of body weight by 19 increasing energy expenditure, avoid developing adult obesity, reducing the risk of 20 developing premature cardiovascular disease, type-2 diabetes, metabolic syndrome, some 21 site specific cancers, bone formation and remodeling, reducing depression and anxiety, 22 enhances mood, self-esteem and quality of life, reducing rule-breaking behavior and to 23 improve academic performance [2, 3, 4] . Childhood provides a great opportunity to influence 24 attitudes and participation levels positively toward physical activity. Significant effects on 25 height, balance, flexibility and fat percentage as well as self confidence and social skills 26 enhancements have been reported following regular physical activity in 9-10 years children 27
[5]. Along with increasing rate of children and adolescents participation in organized sport all 28 around the world over the past 50 years, the trend has been for children to become involved 29 in competitive sports programs as early as age 5 years old [6] . Easy to play, low risk of 30 injuries because of non-contact nature [7, 8] have caused volleyball more popular among all 31 people especially children and adolescents [9] . For children aged 9-13 years who 32 demonstrate an interest in the game and wish to play it competitively, a developmentally 33 appropriate version of volleyball has been invented. Called "mini-volleyball," the game is 34 tailored to preadolescent athletes and permits them to learn the essential elements and skills 35 of the sport in a safe environment [10] . Mini-volleyball, as a sport of power and quickness, 36 requires a detailed skill, including physical, technical, mental and tactical aspects [11] and 37 thus in order to maximize performance, volleyball players should follow a conditioning and 38 training program that develops volleyball-specific neuromuscular abilities [12] . Peak 39
conditioning is essential to achieving optimal performance and needs a systematic approach 40
using an appropriate training methodology such as resistance training (RT), plyometric 41 training (PT) and some other types, even for beginners and adolescents engaged in 42
volleyball. Although there are many potential benefits from such a programmatic approach to 43 children and adolescents sports, a number of potential drawbacks exist as well as a dramatic 44 increase in the incidence of pediatric injuries and that has resulted by inappropriate training 45 programs. Thus it seems that designing suitable and appropriate training programs for 46 children and adolescents especially when participating in a systematic and organized sport 47 such as mini-volleyball is of the great concerns for coaches and scientists. The purpose of 48 this systematic review was to examine the extent and quality of the current research 49 literature, to evaluate the efficacy and safety of Resistance, plyometric and complex training 50 for improving motor performance in young children, and to determine if this type of training 51 could be used to improve the motor skills of children and adolescents participating in 52 organized sports such as mini-volleyball. 53
MATERIAL AND METHODS

54
To obtain relevant literature on different types of training, abstracts and citations were 55 identified through a search using the Sciencdirect and Proquest search engines from March 56 2013 up to September 2013. Articles published in English and in peer reviewed journals 57
were considered for the review. The initial search focused on finding literature using physical 58 activity in children. Search terms included ''physical activity for children,'' ''children and 59 adolescents sports,'' ''fun physical activity for children and adolescents,'' ''exercise for 60 children'' in various combinations. Next search continued by adding new keywords focused 61 on volleyball and different training programs. The following search terms were used in 62 various combinations to identify primary research articles including ''children and 63 adolescents training programs,'' ''children jumping performance,'' ''jump training,'' 64 ''resistance training for children,'' ''plyometric for children and adolescents,'' ''resistance and 65 plyometric training for volleyball,'' ''improving jumping performance in children volleyball 66 players,'' ''jump training,'' ''mini volleyball jumping ,'' and ''sport performance.'' The earliest 67 randomized control trial to describe motor outcomes of training in children was published in 68 1971. Therefore, no year restriction was placed on the search. In the first stage of screening, 69 titles and abstracts of identified articles were checked for relevance. In the second stage, 70
full-text articles were retrieved and considered for inclusion. In the final stage, the reference 71 lists of retrieved full-text articles were searched for additional articles. Primary research 72 articles were selected if they (a) participants were aged 8-18 years and selected from a 73 sports or athletic population (defined as participants who engaged in organized sports 74 training); (b) study involved the evaluation of a resistance, plyometric and combined training 75
with an aim to improve sports performance where explosive power is necessary for success; 76 (c) study was a randomized controlled trial or single group pre-test posttest design with 77 respect to jumping performance improvement. Articles that met the 3 inclusion criteria were 78 chosen for the final review. 162 titles were found and articles including training procedure for 79 rehabilitation and for children and adolescents with impairment such as poor motor 80 performance were omitted. 81 82 83 84 It would be useful to mention that in SJ the subject starts from a stationary semi-squatting 100 position, or pauses at the lower level of the squat before jumping upwards. This removes the 101 factor of the stretch-shortening cycle (pre-stretching of muscles) but in CMVJ there is 102
bending of the knees immediately prior to the jump thus activates the stretch-shortening 103 cycle in the muscles, resulting in greater power production in the legs [31] . 104
Jumping performance is dependent on strength, power and anthropometric parameters and 105 is known as special indexes for success in volleyball players. Ziv effective skill performance but also study of other benefits is interesting. female soccer players and found that 12-week plyometric program can improve explosive 393 strength in female soccer players and that these improvements can be transferred to soccer 394 kick performance in terms of ball speed. However, players need time to transfer these 395 improvements in strength to the specific task. Regular soccer training can maintain the 396 improvements from a plyometric training program for several weeks [103] . 397
Biomechanical assessment in plyometric training is a great challenging for investigators. 398 Ebben et al. (2011) assessed the kinetic characteristics of a variety of plyometric exercises 399 as well as gender differences that can be used to guide the progression of plyometric 400 training by incorporating exercises of increasing intensity over the course of a program. In 401 these variables such as takeoff, airborne, and landing phase of each plyometric including the 402 peak vertical ground reaction force (GRF) during takeoff, the time to takeoff, flight time, JH, 403 peak power, landing rate of force development, and peak vertical GRF during landing [104] . 404 Although many studies proved performance enhancements following a plyometric training 405 program few studies disagreed. Ebben typical lower limb plyometric exercises performed on land and in water and results showed 430 that significant reductions were observed in peak impact forces (33%-54%), impulse ( including bench press and medicine ball throwing [118] . Findings suggest that compared to control (Plyometrics (PT) only), the combination of 150Hz 542 EMS + PT simultaneously combined with an 8 week (2days/week) training program result 543 significant jump height improvements in the different types of strength: explosive, explosive-544 elastic, and explosive-elastic-reactive. The combination of PT after ≤ 85 Hz EMS did not 545
show any jump height significant increase in sprinters. An eight week training program (with 546 just two days per week) of EMS combined with plyometric exercises has proven useful for 547 the improvement of every kind of vertical jump ability required for sprint and hurdle 548 disciplines in teenage athletes [15] . 549
Review of the studies show that many of them focused on effects of combined training 550 (PT+RT) on muscular power and physical fitness parameters of athletes. Little is known 551 about combined training on children and adolescents especially when engaged with a 552 regular sport and physical activity. A great challenge still remains that what is the most 553 appropriate training program for children and adolescents and how to interpret results of 554 performing a skill in children from biomechanical viewpoint. 555
Guidelines and Recommendations: 556
Guidelines and recommendations state that RT and PT can be a safe and worthwhile activity 557 if appropriately designed and competently supervised. Coaches, teachers, and trainers must 558 have a thorough understanding of guidelines and safety procedures. All exercises must be 559 clearly explained and properly demonstrated to all participants, Factors such as cost, quality 560 of instruction, adjustability, proper fit, and weight stack increments should be considered 561 when evaluating training equipment for children and adolescents. For example, child-sized 562 weight machines are a viable alternative and have proven to be safe and effective for 563 children and adolescents. Single-joint (e.g., leg extension) and multi-joint (e.g., squat) 564 exercises can be incorporated into youth strength-training programs. Single-joint exercises 565
are relatively easy to perform and are appropriate when activation of a specific muscle group 566 is desired, whereas multi-joint exercises require the coordinated action of many muscle 567 groups. Another issue concerning the choice of exercise is the inclusion of functional 568 exercises for the "core" of the trainer's body (i.e., the hips, abdomen, and lower back). It 569 seems young athletes sometimes spend too much time training their extremities (e.g., arms) 570
and not enough time (or no time at all) strengthening their core musculature. Depending on 571 the needs of the young athlete and the demands of the sport, other prehabilitation exercises 572 (e.g., internal and external rotation) can be incorporated into the workout. performance with respect to biomechanical viewpoints. 590
As a power sports including forceful and high repeated jumping and landing, mini volleyball 591 players according to their little experience and age are very subject to injury. Clearly, more 592
research is needed to understand young children's response to different types of exercises, 593
which are designed for enhancement and improvement of performance. It will also be 594 necessary to determine the safest and most effective method for progressing exercise load 595 and to clarify the need for strength or motor skill prerequisites for participating in these 596 training. 597
